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(57) ABSTRACT 

Techniques are disclosed for e?iciently analyzing measure 
ment data for business processes (for example, in a service 
provider environment). Business process-aware modules or 
“cubes” are created from the measurement data, using 
features of a spatially-enabled database system. A “drill 
doWn” approach is provided for investigating underlying 
information for a cube (including loWer-level linked cubes). 
Data types other than cubes, such as planes from Which a 
cube is constructed, may also be analyzed. The disclosed 
techniques may be used to provide autonomic systems, 
Which are self-aware, at a business process level. That is, 
based on results of analyzing data represented by a cube, 
autonomic adjustments may be made. In a service provider 
environment, the analysis and/ or the autonomic adjustments 
may be directed toWard enabling the service provider to 
avoid jeopardizing commitments in service level agreements 
(and the revenue loss that may result When the commitments 
are not met). 
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GENERATING AND ANALYZING BUSINESS 
PROCESS-AWARE MODULES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to computer programming, 

and deals more particularly With techniques for evaluating 
gathered measurement data pertaining to business processes, 
Where a result of this evaluation may be used (for example) 
to provide autonomic management in service level manage 
ment systems (Where the autonomic management may be in 
terms of objectives pertaining to customer service level 
agreements). 

2. Description of the Related Art 
Service level agreements, or “SLAs”, are commonly used 

by service providers to de?ne their contractual service 
obligations to their customers. For a netWork service pro 
vider, these service obligations typically include netWork 
response time commitments, Whereby the customer is guar 
anteed that requests for various types of network-accessible 
services Will be completed Within some average elapsed 
time and/or Within some maximum elapsed time. Service 
obligations also typically include availability commitments 
for resources (including network-accessible services). If the 
service obligations are not met, the customer might be 
entitled to compensation such as a reduction in the fees oWed 
to the service provider. Service providers are therefore 
highly motivated to meet the commitments in their SLAs. 

Service level management techniques are not limited to 
use With providers of netWork services. In general, any type 
of business process may be subject to an SLA. For example, 
if a supplier provides Widget components to be used by a 
Widget assembler, the Widget assembler may place con 
straints on maximum alloWable delivery time betWeen send 
ing an order for Widget components to the supplier and 
receiving the ordered Widget components. As another 
example, an SLA betWeen the Widget component supplier 
and assembler might specify a maximum percentage of the 
supplied Widget components that can be defective Without 
violating the SLA. 

Data pertaining to various business processes in the 
system must be collected in order to determine Whether SLA 
commitments are being met. The term “service level man 
agement system”, or “SLMS”, is used herein to refer gen 
erally to a collection of elements or components that are 
organiZed for carrying out a business process at some level. 
In a netWork service provider environment, for example, the 
elements typically comprise a number of hardWare and/or 
softWare elements that enable customers to use netWork 
accessible services. The term “measurement data” is used 
herein in a general sense to refer to the data collected in an 
SLMS for evaluation of monitored business processes. 

It is desirable to use collected measurement data to make 
predictions about future system behavior. Without accurate 
predictions for demand and processing load, for example, 
service providers are often forced to choose betWeen pro 
viding excess capacity When provisioning resources for their 
customers or refunding fees When the provisioned capacity 
is unable to meet the SLA commitments. 
Much attention has been given in recent years to devel 

opment of autonomic computing techniques, Whereby the 
maintenance and administrative complexity inherent in 
information technology (“IT”) systems and netWorks can be 
reduced by employing algorithms that alloW the systems and 
netWorks to not only monitor themselves, but to take cor 
rective actions When anomalies are detected. An autonomic 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
system is commonly de?ned as one Which displays one or 
more of the folloWing characteristics: (1) self-de?ning; (2) 
self-con?guring; (3) self-optimizing; (4) self-healing; (5) 
self-protecting; (6) anticipatory; and (7) contextually aWare 
in a heterogeneous environment. (These concepts are knoWn 
in the art; accordingly, a detailed description thereof is not 
deemed necessary to an understanding of the present inven 

tion.) 
The interaction among business processes can be com 

plex. Evaluating the business processes to determine 
Whether SLA commitments (or similar objectives) are being 
met is complex as Well. What is needed are techniques for 
analyZing business processes in an ef?cient manner. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide techniques 
for analyZing business processes in an ef?cient manner. 

Another object of the present invention is to provide 
techniques for leveraging spatial database technology for 
analyZing information in service level management systems. 
A further object of the present invention is to accurately 

predict near-term outlook for processes monitored by a 
service level management system. 
A further object of the present invention is to enable SLA 

commitments to be achieved, preferably While avoiding the 
expensive and inef?cient over-commitment of resources. 

Yet another object of the present invention is the appli 
cation of iceberg cube concepts (Which are knoWn in the art 
to be applied to online analytical processing systems) to 
spatial database management systems. 
A further object of the present invention is to provide 

techniques for improved service level management systems 
that leverage commercially-available database systems. 

Other objects and advantages of the present invention Will 
be set forth in part in the description and in the draWings 
Which folloW and, in part, Will be obvious from the descrip 
tion or may be learned by practice of the invention. 

To achieve the foregoing objects, and in accordance With 
the purpose of the invention as broadly described herein, the 
present invention may be provided as methods, systems, 
and/or computer program products. In one aspect, the 
present invention provides techniques for using geospatial 
operations to analyZe an SLMS, comprising: collecting a 
plurality of measurements pertaining to the SLMS; con 
structing geospatial objects from the collected measure 
ments; and using the constructed objects as input to geospa 
tial operations. Preferably, the geospatial operations are 
provided by a spatially-enabled database system, and the 
constructed objects preferably include 2-dimensional planes 
and 3-dimensional cubes. 

In another aspect, the present invention provides tech 
niques for using spatially-enabled operations to evaluate 
3-dimensional objects, comprising: obtaining a plurality of 
measurements; building a plurality of 2-dimensional planes 
by associating selected ones of the measurements; building 
one or more 3-dimensional cubes from a plurality of the 
2-dimensional planes; and enabling evaluation of at least 
one of the one or more 3-dimensional cubes using geospatial 
operations of a spatially-enabled system. The measurements 
are preferably stored in the spatially-enabled system. The 
2-dimensional planes and/or the 3-dimensional cubes may 
be stored in the spatially-enabled system. 

In either aspect, the measurements may pertain to busi 
ness processes, and may measure interactions among busi 
ness partners. The cubes may represent measurements for a 
plurality of service offerings in an SLMS. Each plane may 
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represent measurements for a plurality of collaborations 
among entities in an SLMS, and each measurement may 
represent a key process indicator used to measure service in 
the SLMS. Preferably, the measurements are directed to 
evaluating conformance to service level agreements in the 
SLMS. 
A drill-doWn approach may be used, Whereby more detail 

pertaining to a cube can be obtained by evaluating one or 
more of the planes from Which it Was built, and similarly, 
more detail pertaining to a plane can be obtained by evalu 
ating one or more of the measurements from Which it Was 
built. 

The present invention Will noW be described With refer 
ence to the folloWing draWings, in Which like reference 
numbers denote the same element throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 provides a comparison of prior art online analytical 
processing techniques With features of geospatial iceberg 
cubes of the present invention; 

FIG. 2 illustrates a common geometric model used by 
spatially-enabled database systems, according to the prior 
art; 

FIG. 3 depicts a sample environment that is used to 
illustrate operation of preferred embodiments; 

FIG. 4 lists probes, key process indicators, collaborations, 
and service offerings found in the sample environment of 
FIG. 3; 

FIG. 5, comprising FIGS. 5A-5C, illustrates a sample 
“?rst-tier” cube and several sample planes from this cube, 
according to preferred embodiments; 

FIG. 6, comprising FIGS. 6A-6D, illustrates a sample 
“second-tier” cube, interrelationships betWeen this cube and 
a sample reference cube, and sample planes from the refer 
ence cube; 

FIG. 7, comprising FIGS. 7A-7F, illustrates tWo sample 
“third-tier” cubes, interrelationships With sample reference 
cubes, and sample planes; and 

FIG. 8 (comprising FIGS. 8A-8B) provides a ?owchart 
depicting logic that may be used When implementing 
embodiments of the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention provides techniques for ef?ciently 
analyZing measurement data for business processes, Where 
this data may be gathered in a service level management 
system. Business process-aWare modules referred to herein 
as “cubes” are created from the measurement data, and in 
preferred embodiments, these cubes are simple, lightWeight, 
and short-lived, thereby incurring minimum processing 
overhead. These cubes may also be referred to as “iceberg 
cubes”, in that they provide a summary vieW of more 
detailed underlying information; a “drill-doWn” approach is 
provided for investigating that underlying information 
Where necessary. 

Evaluating the iceberg cubes created according to pre 
ferred embodiments provides a capability for autonomic 
systems, Which are self-aWare, at a business process level. 
That is, using results of evaluating the iceberg cubes, an 
SLMS can be provided With information about itself, such as 
the current state of business processes and the near-term 
outlook for those processes. Autonomic adjustments may 
then be made, if necessary, and the service provider may 
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4 
thereby avoid jeopardizing SLA commitments (and the 
revenue loss that typically results When the commitments are 
not met). 
The present invention exploits metadata that is created 

pertaining to operation of an SLMS and its monitored 
processes. In preferred embodiments, this abstracted meta 
data includes, but is not limited to, one or more of the 
following: 

(1) a service level agreement repository Which contains 
currently-applicable SLAs; 

(2) measurement data Which contains information 
abstracted from a catalog of measured events or processes 
(that is, events or processes that are monitored for deter 
mining SLA compliance; the term “processes” is used 
hereinafter When discussing What is being measured), 
including probes of business collaborations (i.e., collabora 
tions among a business and its suppliers, customers, busi 
ness partners, and so forth); and 

(3) other available sources of pertinent metadata. These 
may include, but are not limited, to: (a) user data that may 
reside in various directory structures, such as an LDAP 
directory database; (b) service information, Which might 
reside (for example) in registries such as Universal Descrip 
tion, Discovery, and Integration (or “UDDI”) registries; (c) 
data Within a service offerings catalog; and/or (d) billing 
metadata. 

Typically, service providers structure their services into 
several different service levels or tiers, Where customers can 
choose to pay a higher rate to obtain commitments for a 
higher level/tier of service. (Hereinafter, the term “level” is 
used When referring to this aspect of SLA commitments, to 
avoid confusion With the term “tier” that is used for a 
different purpose When discussing the cubes.) For example, 
a service provider might offer a “platinum level” service, a 
“gold level” service, and a “silver level” service, Where the 
platinum level is the most expensive and offers advantages 
such as a commitment to faster response time than is 
available in the gold level (Which in turn is faster than the 
silver level), or feWer outages than the gold and silver levels, 
and so forth. It may happen that a feW different service levels 
are offered, or a large number of service levels may be 
offered in some environments. In some environments, the 
levels of service may be structured as some number of 
“premium” levels and some number of “basic” levels. 
Accordingly, When analyZing measured processes, preferred 
embodiments enable considering a plurality of service lev 
els. 

Preferred embodiments combine concepts from Online 
Analytical Processing (commonly referred to as “OLAP”) 
With concepts of Obj ect-Relational Database Systems (com 
monly referred to as “ORDB”) that have been geospatially 
enabled. (A geospatially-enabled ORDB is also referred to 
herein as a spatially-enabled database system, for ease of 
reference.) Functions, stored procedures, and data types 
provided in spatially-enabled database systems are lever 
aged by preferred embodiments to produce lightWeight 
cubes, and to perform quick and ef?cient analysis of data 
represented by those cubes. Preferably, this analysis is 
carried out at a business process level, such that the resulting 
information can be used for improving business process 
operation. 

Measurement data is used to form cube structures Within 
a spatially-enabled database system or systems, Where these 
cube structures represent various aspects of the monitored 
business processes, according to preferred embodiments. 
These cube structures are also referred to herein as geospa 
tial iceberg cubes or, equivalently, as geospatial cubes, 
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Where these terms may be de?ned as a graphical represen 
tation of data (e.g., service level management data) in 
multiple dimensions leveraging relational spatial structures. 
One or more reference objects is programmatically created, 
according to preferred embodiments, representing obj ec 
tives for measurement data at a particular level of service. 
For example, a reference cube may be used that represents 
service objectives of a platinum service level, and another 
reference cube may be used to represent the gold service 
level. These reference objects are also referred to herein as 
“comparative objects” or “boundary objects”, and may be 
structured as cubes or elements thereof (such as planes). 
Comparative objects may be rede?ned or modi?ed program 
matically (e.g., When SLA commitments are changed). In 
preferred embodiments, cubes containing measurement data 
are linked or interrelated to one another, thereby facilitating 
ef?cient drill-doWn; comparative objects may be linked or 
interrelated in this manner as Well. In addition to, or instead 

of, building the comparative objects to represent objectives 
pertaining to SLAs, the comparative objects can be based on 
other factors such as feedback information from other sys 
tems (including historical data) and/ or input from an admin 
istrator of the SLMS. (For example, the administrator might 
be queried for parameter values such as a desired upper and 
loWer bound on response time for each of the levels of 
service, and a reference object may then be constructed from 
these input values.) 

Before describing techniques of the present invention in 
more detail, background information Will be provided for 
several topics. 
OLAP is Well knoWn in the art, and enables analyZing 

complex data to derive business intelligence. OLAP systems 
typically alloW users to navigate betWeen high-level sum 
mary and loWer-level or “drill-down” detailed data. As one 
example, OLAP techniques may be used to analyZe sales 
information of a business enterprise. Executives of the 
business may Wish to have a number of different vieWs of the 
same underlying sales data, perhaps to detect trends or 
predictive factors, project future revenue, and so forth. The 
sales data might be computed With reference to selected 
products, selected customers, selected distribution channels, 
and a particular time period, for example. This data might be 
further evaluated in terms of actual vs. projected ?gures. Or, 
breakdoWns might be performed based on distribution chan 
nel. And, instead of selecting a subset of products, custom 
ers, distribution channels, etc., the analysis might be per 
formed over all available data pertaining to the business 
enterprise. Many other types of analysis may also be per 
formed, as Will be obvious. The factors used in the analysis 
(such as Which products to consider, Which customers to 
consider, and so forth) are commonly referred to as the 
“dimensions” of the analysis, and an analysis involving tWo 
or more dimensions is commonly referred to as a “multidi 
mensional analysis”. 

FIG. 1 provides a comparison of OLAP systems of the 
prior art and geospatial iceberg cubes of the present inven 
tion. As shoWn therein, an OLAP program is comprised of 
algorithms and data structures, Whereas a program used With 
a geospatial iceberg cube is also comprised of algorithms 
and data structures but may noW be an autonomic program 
(that is, a program that uses results of analyZing one or more 
cubes to autonomically modify system behavior). OLAP 
systems typically use matrices, records, and bitmaps for data 
storage, Whereas geospatial iceberg cubes of the present 
invention use spatial cubes (i.e., cube structures and opera 
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6 
tions available in prior art spatially-enabled database sys 
tems); data points, lines, and/or polygons; and possibly other 
spatial objects. 
OLAP systems are commonly used to solve problems that 

are unknoWn, While the geospatial iceberg cubes disclosed 
herein are preferably used to solve problems that are knoWn 
or anticipated (such as evaluating Where bottlenecks are 
found in a system of business processes; What processes lead 
to SLA commitments not being met; and predicting What 
business processes should therefore be modi?ed). Finally, 
FIG. 1 illustrates that OLAP systems use units-of-measure 
that are similar at different levels, Whereas the units-of 
measure in geospatial iceberg cubes may differ among the 
various levels (for example, the cube’s x-axis may represent 
the various levels of service offered by the service provider, 
While the y-axis may represent deviation from measurement 
objectives and the Z-axis may represent points of time in a 
time interval). 

Systems are knoWn in the art for using object-relational 
databases to process (e.g., store and access) data using 
geometric data types. When an object-relational database is 
adapted for use With geometric data types, the database is 
often referred to as “spatially-enabled”, and data or objects 
created using these data types may be referred to as “spatial 
data” or “spatial objects”. (Generally, spatial objects may be 
considered as a form of object representation Within rela 
tional database systems.) In a spatially-enabled database, the 
geometric data types are based on a geometric model 
expressed in terms of geometric shapes or objects. In addi 
tion to physical entities, spatial data may also represent 
relationships among objects, as Well as measurements or 
distances pertaining to objects. As an example of relation 
ships among objects, spatial data may be used to determine 
Whether a geometric shape corresponding to the location of 
a particular bridge intersects a geometric shape correspond 
ing to the location of a river (thus determining Whether the 
bridge crosses the river). As an example of using spatial data 
for measurements or distances, the length of a road passing 
through a particular county could be determined using the 
geometric object representing the road and a geometric 
object Which speci?es the boundaries of the county. 

Typical spatially-enabled database systems support a set 
of basic geometry data types and a set of more complex 
geometry data types, Where the basic types comprise points, 
line strings, and polygons, and the complex types comprise 
collections of points, collections of line strings, and collec 
tions of polygons. 
A common geometric model used by spatially-enabled 

database systems is shoWn in FIG. 2. As shoWn therein, the 
model is structured as a hierarchy or tree having geometry 
205 as its root, and having a number of subclasses. Point 
210, linestring 220, and polygon 230 represent the basic 
geometry data types. In this model 200, linestring 220 is a 
subclass of curve 215, and polygon 230 is a subclass of 
surface 225. Geometry collection class 235 is the root of a 
subtree representing the more complex geometric data types, 
and each subclass thereof is a homogeneous collection. 
Multipolygon 245, multistring 255, and multipoint 260 
represent the collections of polygons, line strings, and 
points, respectively. Multipolygon 245 is a subclass of 
multisurface 240 in this model, and multistring 255 is a 
subclass of multicurve 250. Only the classes Which are 
leaves ofthis tree 200 (i.e., 210, 220, 230, 245, 255, and 260) 
are instantiable in typical spatially-enabled database sys 
tems; the other nodes correspond to abstract classes. (Each 
of these entities is an actual data type.) 



US 7,313,568 B2 
7 

Referring noW to the basic data types in particular, geo 
metric data according to the model 200 of FIG. 2 may be 
expressed in terms of a single point having (x,y) coordinates, 
or may be described as a line string or a polygon. A line 
string may be considered as one or more line segments 
Which are joined together, and is de?ned using an ordered 
collection of (x,y) coordinates (i.e., points) that correspond 
to the endpoints of the connected segments. A polygon is 
de?ned using an ordered collection of points at Which a 
plurality of line segments end, Where those line segments 
join to form a boundary of an area. 
Many different examples may be imagined Where points, 

line strings, and polygons can be used for describing loca 
tions or areas. A point might represent the location of a 
landmark such as a house or a building, or the intersection 
of tWo streets. Aline string might be used to describe a street, 
or the path of a river or poWer line, or perhaps a set of 
driving directions from one location to another. A polygon 
might be used to describe the shape of a state or city, a voting 
district, a lake, or any parcel of land or body of Water. 
Once spatial information has been stored in a database, 

the database can be queried to obtain many different types of 
information, such as the distance betWeen tWo cities, 
Whether a national park is Wholly Within a particular state, 
and so forth. 
As one example of a spatially-enabled database, a feature 

knoWn as “Spatial Extender” can be added to the DB2® 
relational database product of International Business 
Machines Corporation (hereinafter, “IBM”) to provide sup 
port for geometric data types. Spatial Extender provides 
support for the geometric data types shoWn in FIG. 2, and 
provides a number of built-in functions for operating on 
those data types. When using Spatial Extender, spatial data 
can be stored in columns of spatially-enabled database 
tables. 

Preferred embodiments of the present invention leverage 
a DB2® object relational database system in Which the 
Spatial Extender feature has been installed to provide spatial 
data support. (An implementation of the present invention 
may leverage another database system Which provides 
analogous support, Without deviating from the scope of the 
present invention.) Refer to “IBM® DB2® Spatial Extender 
User’s Guide and Reference”, Version 7.2, published by 
IBM as IBM publication SC27-070l-0l (July 2001), for 
more information on Spatial Extender. This User’s Guide is 
hereby incorporated herein as if set forth fully. (“IBM” and 
“DB2” are registered trademarks of IBM.) A DB2 object 
relational database system With the Spatial Extender feature 
is an example of the spatially-enabled database systems 
referred to herein. 

Using the features of a spatially-enabled database system, 
for example, tWo planes can be compared to each other by 
invoking built-in functions. According to preferred embodi 
ments of the present invention, planes are constructed from 
measurement data, and a collection of these planes forms a 
cube. Storing this data in a spatially-enabled database sys 
tem (implementations of Which are commercially available, 
as just discussed) provides a number of advantages. Existing 
data normalization and data management features of the 
relational database technology in the spatially-enabled data 
base management system can be leveraged, thereby improv 
ing e?iciency. The spatial extensions, geometric data types, 
grid indexing functions, user-de?ned functions, and/or built 
in procedures of the database system can also be used. In this 
manner, operations on the stored data can use optimiZed 
built-in functions of the database system, rather than requir 
ing an applications programmer to provide complex code in 
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8 
his/her application for interacting With the gathered mea 
surement data used by preferred embodiments. As a result, 
programmer ef?ciency is increased and code complexity is 
reduced, thereby leading to decreased program development 
and support costs. (Furthermore, use of the optimiZed built 
in database functions for interacting With the stored mea 
surement data Will typically increase the ef?ciency of other 
application programs and search utilities that may access 
this data.) 

FIG. 3 depicts a sample environment in Which the present 
invention may be used advantageously. This ?gure illus 
trates business process interactions betWeen suppliers, 
assemblers, and retailers (and these business process inter 
actions may be considered as forming a higher-level busi 
ness process). Suppliers “S1” and “S2” provide raW mate 
rials to assembler “Al”, in this example. Probes “a” and “b” 
are inserted on the links that join these entities, Where the 
probes are used to monitor interactions and measure various 
data. According to preferred embodiments, probes are ini 
tially provided on all links of interest that join tWo or more 
entities (Where a “link of interest” is a place in a particular 
business process that is deemed to be important for mea 
surement purposes); the number of probes may later be 
programmatically adjusted, as Will be described in more 
detail beloW, if desired. The probes may use automated 
techniques for monitoring and measurement taking, but 
embodiments of the present invention may also use data 
captured by non-automated probes (e.g., by humans Who 
record business process measurements that can then be 
stored in a spatially-enabled database). The data measured 
by one of these probes “a” or “b” may include, for example, 
factors such as hoW long a process takes to complete. The 
elapsed time betWeen sending an order to “S l ” and receiving 
the ordered materials might be measured on behalf of “Al”, 
for example. Or, in a netWork service provider environment, 
a probe may be provided for measuring time required to 
respond to a client’s request for service and so forth. The 
type of measurements to be taken by probes Will depend on 
the business processes deployed in the environment and may 
vary Widely among implementations of the present inven 
tion, as Will be obvious, and the manner in Which the probes 
operate does not form part of the present invention. The data 
measured by the probes can be used, according to preferred 
embodiments, When determining Whether SLA commit 
ments have been met. (Alternative embodiments of the 
present invention may evaluate data represented by geospa 
tial cubes for purposes not related to SLA commitments, 
Without deviating from the scope of the present invention.) 

FIG. 3 further illustrates that assembler “Al” provides 
materials to another assembler “A2”, and a probe “c” 
measures data pertaining to business processes betWeen 
these entities. Yet another assembler “A3” receives materials 
from assembler “A2” and from supplier “S3”, and opera 
tions betWeen these entities are measured by probes “d” and 
“e”, respectively. In this example, assembler “A3” distrib 
utes completed goods to three retailers “R1”, “R2”, and 
“R3”, and probes “f”, “g”, and “h” measure business pro 
cesses betWeen these entities. 

A number of terms used herein to describe preferred 
embodiments Will noW be de?ned in more detail. 

Key process indicator, or “KPI”: This term is used herein 
to generally signify a measurement that is representa 
tive of a business process, or a factor that is measured 
for a business process. The time required to complete 
an action may be a KPI in a time-sensitive business 
process. For example, With reference to FIG. 3, one 
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KPI may be the time required by “S1” to deliver its raW 
materials to “A1” after “A1” initiates its order for those 
materials. 

Collaboration: Collaboration can be thought of as a 
“macro process” (i.e., a collection of one or more 
processes) composed of one or more KPls. The time it 
takes for a particular collaboration to occur may be 
computed, in appropriate scenarios, as the sum of the 
KPls Which make up that collaboration. (There may 
also be scenarios in Which the summation of all KPls is 
not appropriate. For example, if the collaboration 
includes processes that operate concurrently, then 
another approach, such as adding the longest of the 
concurrent processes, may be preferable.) With refer 
ence to FIG. 3, for example, a collaboration may be 
de?ned as including delivery of materials from “S1” to 
“A1” and forWarding materials from “A1” to “A2”. 

Service O?fering, or “S0”: A service o?fering is a group of 
one or more collaborations. Thus, providing completed 
goods to retailer “R1” in FIG. 3 may be considered as 
a service o?fering that includes all the processes 
Whereby materials are delivered to “A3” and the pro 
cess Whereby “A3” delivers the completed goods to 
“R1”. A particular collaboration may be a member of 
one or more service offerings. 

A number of data collections are used With preferred 
embodiments, and these collections are preferably stored in 
tables of a spatially-enabled database. The collections 
include mappings and SLA values. For the mappings, tables 
are preferably provided for: (1) probe-to-KPI mappings; (2) 
KPl-to-collaboration mappings; and (3) collaboration-to 
service offering mappings. (These three tables or collections 
are referred to as “collections 1, 2, and 3”, respectively, 
When discussing the ?oWcharts in FIG. 8.) 

For the SLA values, tables are preferably provided for 
recording: (4) SLA values for each KPI; (5) SLA values for 
each collaboration; and (6) SLA values for each service 
o?fering. (These three tables or collections are referred to as 
“collections 4, 5, and 6”, respectively, When discussing the 
?oWcharts in FIG. 8.) These three SLA tables preferably 
store threshold values, such as a threshold on maximum 
alloWable time for a KPl(x) that measures a business pro 
cess, a threshold on maximum alloWable time for a collabo 
ration comprised of a collection of KPls, and a threshold on 
maximum alloWable time for a service o?fering comprised of 
a collection of collaborations, respectively. Furthermore, 
more than one threshold Will typically be associated With 
each KPI, collaboration, and service o?fering. That is, a ?rst 
threshold might be alloWable for KPl(x) for customers in the 
platinum service level, While a second threshold pertains to 
this KPI for customers in the gold service level and a third 
threshold pertains to this same KPI for customers in the 
silver service level. 
The three tables of mappings used by preferred embodi 

ments can be consulted, for example, When determining 
Whether there has been a failure of an SLA commitment. The 
probe-to-KPI mappings preferably indicate, for a particular 
KPI, Which probe provides input to be used With that KPI, 
and conversely, for each probe, Which KPI uses measure 
ments taken by that probe. (According to preferred embodi 
ments, the probe-to-KPI mappings are one-to-one.) The 
KPl-to-collaboration mappings preferably indicate, for a 
particular KPI, Which collaboration(s) that KPI is associated 
With, and conversely, for a particular collaboration, Which 
KPl(s) are used to measure that collaboration. For example, 
the collaboration betWeen supplier “S1” and assembler “A1” 
might be measured by one KPI pertaining to the time it takes 
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10 
for “S1” to ?ll an order from “A1” and also by another KPI 
that pertains to the percentage of defective items per order. 
In this example, the (S1, A1) collaboration is mapped to tWo 
KPls. 
The collaboration-to-service o?fering mappings prefer 

ably indicate, for a particular collaboration, Which service 
o?ferings include that collaboration and conversely, for each 
service o?fering, Which collaborations form part of that 
service o?fering. 

FIG. 4 shoWs a list 400 of the probes contained in the 
example environment in FIG. 3, a list 410 of KPls that might 
be used in this environment, a list 420 of collaborations that 
might be used When evaluating business processes in this 
environment, and a list 430 of service o?ferings that might be 
evaluated. (Note that lists 420 and 430 are not intended to be 

exhaustive.) 
The list 400 of probes simply contains one entry for each 

probe. The list 410 of KPls uses a notation “A(probedestma?on 
probesoum)” for representing a KPI that measures elapsed 
time, from a starting point prior to the link monitored by 
“probesoum through the link monitored by 
“probedem-nan-on”. Thus, for example, “A(ca)” represents the 
time that elapses When supplier “S1” sends materials to 
assembler “A1” (as measured by probe “a”) and “A1” then 
forWards materials or goods to assembler “A2” (as measured 
by probe “c”). As a special case in this notation, “t” 
represents an initial time, and therefore the KPI “A(et)” 
represents the time that elapses When supplier “S3” sends 
materials to assembler “A3” (as measured by probe “e”). As 
another example, the notation “A(c-ab)” might be used to 
represent only the time that elapses betWeen a starting time 
When assembler “A1” receives materials from both S1 and 
S2 (as measured by probes “a” and “b”, respectively) and an 
ending time When materials or goods are then forWarded 
from “A1” to “A2”. In other Words, only the elapsed time 
measured by probe “c”, on the link betWeen “A1” and “A2”, 
is included for the KPI “A(c-ab)”. The number and type of 
KPls to be created may vary Widely among implementations 
of the present invention, and in list 410, KPls have not been 
constructed for every possible combination of ?oWs. For 
example, it might be desirable to construct a KPI such as 
“A(ga)”, representing a duration of time from When supplier 
“S1” provides materials as input to the process, up through 
and including When retailer “R2” receives a product that has 
made its Way through the system under evaluation. A KPI 
may be de?ned for any process of interest in a particular 
system, and alternative Ways of de?ning and representing 
KPls may be used in an embodiment of the present invention 
Without deviating from the inventive techniques disclosed 
herein. 
The list 420 of collaborations uses a notation “( N1, 

N2, . . . )”, Where each “Nx” represents a node at the end of 
a connected link on a path betWeen tWo or more nodes. So, 
for example, the collaboration “(S1,A1)” represents the link 
betWeen supplier “S1” and assembler “Al” (on Which probe 
“a” is located), and the collaboration “(A1,A2,A3)” repre 
sents a path comprising the link betWeen assemblers “A1” 
and “A2” and also the link betWeen assemblers “A2” and 
“A3” (on Which probes “c” and “d” are located, respec 
tively). 
The list 430 of service o?ferings uses a notation “((Na, . . . , 

Nm,)(Nm, . . . , NZ,))”, Where each “Nx” represents a node at 
the end of a connected link, “Na” is the initial node of a 
collaboration that spans a path to node “NM”, and this node 
“NM” is in turn the initial node of a collaboration that spans 
a path to a destination node “NZ”. So, for example, the 
service o?fering “((S1,A1)(A1,A2))” represents the path 
















